Dietary studies have long shown that insectivorous bats do not often consume mosquitoes, despite cosmopolitan distribution and occasional ubiquity of mosquitoes. The apparent avoidance of mosquitoes relative to availability may relate to their small size, as bats may have difficulties detecting and capturing mosquitoes or they may not return sufficient energy per unit effort of capture. We used bomb calorimetry to determine the energetic content of mosquitoes from Alaska and Illinois, USA, and compared resulting estimates to daily energy expenditure of several bat species. On a per gram basis, mosquitoes were energetically comparable to other insects (26.82 ± 2.40 kJ/g dry mass); however, an individual mosquito contains little energy.
D r a f t 1
The Energetics of Mosquito Feeding by Insectivorous Bats

Introduction
Energy balance is essential, and all organisms must trade off metabolic functions, thermoregulation, reproduction, predator avoidance, foraging, and other functions to remain in a positive energy state. In all but rare situations of energy abundance, it is crucial for organisms to forage in such a way as to maximize energy intake while minimizing energy expenditure. One of the easiest ways for an animal to do this is through selective foraging on prey that provide high energy per unit effort. Among mammals, bats (Order Chiroptera) exemplify the importance of efficient foraging because, in addition to high reproductive and thermoregulatory costs typical of most mammals, they also use an costly mode of locomotion (Winter and von Helversen 1998) .
Further, bats are constrained by the biophysical realities of flight (Aldridge and Brigham 1988) , so there are limitations in how much food they can consume and how much flexibility they can have in foraging decisions. To meet energetic needs within these constraints, bats display among D r a f t 4 a role in the likelihood of individual bats consuming mosquitoes, as Indiana bats (Myotis sodalis) consume more mosquitoes during pregnancy (Kurta and Whitaker 1998), while male particoloured bats (Vespertilio murinus L., 1758) consume more mosquitoes than females (Rydell 1992a) . Importantly, there is no evidence that any bat species depredates mosquitoes heavily enough to reduce adult mosquito populations, but there is evidence that bats may reduce the number of eggs laid by adult females in experimental conditions (Reiskind and Wund 2009).
There are several hypotheses to explain why bats do not readily consume mosquitoes.
The two most common explanations relate to the small size of mosquitoes. First, the small size of mosquitoes may make them difficult for bats to detect and capture (Barclay and Brigham 1991) .
If this hypothesis is correct, highly maneuverable bats with high echolocation frequencies should consume more mosquitoes than large, low-frequency echolocators. Gonsalves et al. (2013a) following all standard correction factors suggested by the manufacturer. Incomplete combustion was accounted for in energy calculations by approximating how many mosquitoes were left after combustion and subtracting mean mass of a single mosquito (taking into account location and size class) from the original mass of the pellet. We omitted trials in which more than six mosquitos did not combust; in total, 34 mosquito combustions were successful. We did not dry mosquitoes before analysis because it was difficult to form pellets of fully dry mosquitoes and they did not combust well when not formed into a tight pellet. Instead, we measured moisture content of a subsample of mosquitoes from each location by comparing the mass before and after a week of oven drying.
Our goal was to determine if mosquitoes were a viable energy source for insectivorous bats. Therefore, we estimated the number of mosquitoes several bat species would need to consume to balance their daily energy budget. We conducted a non-exhaustive literature search to find daily energy expenditure (DEE) estimates for insectivorous bats. We started with data collected by Kunz (1980) , and added data from newer studies (Table 1) . To convert our energy measurements to number of mosquitoes required for a given DEE, we assumed a 70% digestion efficiency and that live mosquitoes are 70% water mass (Benoit and Denlinger 2007) . We used two-way t-tests to compare energetic values from mosquitoes sampled in Illinois and Alaska. All results are presented as mean ± SD.
Results
We calculated water content in seven samples from each location. The average wet mass of a single mosquito (at the time of analysis) was 7.18 -4 ± 9.17 -5 g and 1.087 -3 ± 3.61 -4 g, from Alaska and Illinois, respectively. Dry mass per individual mosquito was 6.47 -4 ± 5.96 -5 g and 6.02 -4 ± 2.86 -4 g, from Alaska and Illinois, respectively. The mosquitoes from Illinois were analyzed sooner after capture than those from Alaska, so they had slightly higher water content.
Still, water content was relatively consistent at each site (20.2 ± 1.4% for Alaska and 25.0 ± 3.7% for Illinois), so we used mean values to account for water mass in energy calculations.
We analyzed 29 samples of mosquitoes from Alaska and five samples from Illinois.
Mosquitoes from Alaska contained 20. feeding on mosquitoes inside a building roost. While it is unlikely they observed every attempt and there were likely more than three bats, the reported capture success equates to ~15 captures h -1 , or 87 h of foraging to consume 1300 mosquitoes. Under most conditions where bats are feeding on mosquitoes, the consumption rate probably falls between these two extremes (0.25
and 20 mosquitoes min -1 ), and foraging time might be restrictive.
Size of bats likely plays a fundamental role in the value of foraging on mosquitoes. The above calculations demonstrate that for small bats, feeding exclusively on mosquitoes is at least within the realm of possibility, but may still require an exceptional set of conditions for a bat to balance its energy budget with mosquitoes alone. Conversely, the largest bat in our sample, the greater spear-nosed bat, an omnivorous species that feeds largely on fruit, would require > 25 h to meet its energy needs with mosquitoes alone (Table 1) . Community-level study of the relationship between mosquito density and bat foraging activity supports the conclusion that foraging activity is related to mosquito density for only small bats (Gonsalves et al. 2013b ).
The biophysical limitations of flight might also restrict the ability of bats to consume a mosquito-rich diet if the wet mass of the required mosquitoes impairs flight ability. Assuming mosquitoes are 70% water (Benoit and Denlinger 2007) , bats in our sample would need to consume 18-92% of body mass to meet DEE. Although our sample (seven species) is too small to quantify the relationship between body mass and water content of mosquitoes necessary to balance DEE, it qualitatively appears smaller bats may be more constrained in this sense than 
